Objective: The evidence that stress may provoke Graves' hyperthyroidism in genetically susceptible subjects is substantial. Whether exposure to stress is related to the severity of thyrotoxicosis has not been studied. Advancing age is associated with not only less severe Graves' hyperthyroidism but also self-reported stress. We tested the hypothesis whether advancing age is associated with less exposure to stress, resulting in a lower immunological response, and less severe Graves' hyperthyroidism. Design: Cross-sectional multicenter study. Patients: Two hundred and sixty-three consecutive untreated patients with a first episode of Graves' hyperthyroidism were included. The severity of Graves' hyperthyroidism was evaluated biochemically (freeT 4 -index and freeT 3 -index, thyrotropin-binding inhibitory immunoglobulin (TBII)) and clinically by the hyperthyroid symptom scale score (HSS score). Stress exposure was quantitated by three questionnaires. Results: Advancing age was associated with less severe Graves' hyperthyroidism, both biochemically by lower serum freeT 3 -index and freeT 4 -index (P!0.01), lower serum TBII (PZ0.05), and clinically by lower HSS scores (PZ0.04) and smaller goiter size (P!0.01). FreeT 3 -index and freeT 4 -index were directly associated with HSS scores (P!0.01). Stress scores were associated with HSS scores (P!0.01) but not with biochemical severity of Graves' hyperthyroidism. Advancing age was associated with lower scores for stress exposure. Multivariate regression analysis showed that HSS score was independently related to the tendency to report negative feelings (P!0.01) but not to other stress scores and also not to age. Conclusion: Advancing age is associated with less exposure to stress, lower serum TBII and less severe clinical and biochemical Graves' hyperthyroidism. Because no direct relationship exists between stress exposure and TBII or freeT 3 -index and freeT 4 -index, we reject our hypothesis that less stress is causally related to biochemically less severe Graves' hyperthyroidism in old age. HSS score is primarily determined by negative feelings and not by age.
Introduction
Graves' hyperthyroidism is a multifactorial disease with many predisposing genetic and environmental factors. Seventy-nine percent of the susceptibility to develop Graves' hyperthyroidism can be attributed to genetic factors, leaving 21% for environmental factors (1) . Exposure to stress, cigarette smoke, iodine excess, and several drugs have all been identified as relevant environmental factors in the pathogenesis of Graves' hyperthyroidism. For example, since the first description by Parry of an association between a stressful life event and the occurrence of hyperthyroidism in 1825, many studies have reported a greater number of stressful life events in the year preceding the diagnosis of Graves' hyperthyroidism when compared with controls (2-6). The evidence that environmental stimuli may provoke Graves' hyperthyroidism in genetically susceptible subjects is rather good, but the quantitative relationship between the exposure to environmental stressors and the severity of the provoked thyrotoxicosis has scarcely been studied.
Age has consistently been observed as a significant modulating factor, advancing age being associated with less severe Graves' hyperthyroidism (7) (8) (9) . The mechanism behind less severe Graves' hyperthyroidism in the older age groups is incompletely understood. Less severe Graves' hyperthyroidism is due to lower levels of thyrotropin-binding inhibitory immunoglobulin (TBII) (10) . Furthermore, it has been shown that advancing age is associated with a decreased experience of selfreported stress (pleasant and unpleasant life events) (11) . In turn, psychological stress has a differential effect on immune response, suppressing cellular and potentiating humoral immunity (12) . We hypothesize that advancing age is associated with less exposure to stress, resulting in lower production of TBII and thereby in less severe Graves' hyperthyroidism. To test this hypothesis, we performed a cross-sectional observational study in a large population of patients with newly diagnosed and untreated Graves' hyperthyroidism.
Subjects and methods

Study design
We included 263 consecutive untreated patients (69 males and 194 females, age 16-79 years at study entrance) with a first episode of Graves' hyperthyroidism in a cross-sectional, multicenter, observational study. Patients were included from nine participating centers in the Netherlands from July 2002 until September 2005. Inclusion criteria were biochemical hyperthyroidism (TSH !0.4 mU/l, fT 4 O23 pmol/l, and/or T 3 O2.7 nmol/l) and a diffuse homogeneous uptake on thyroid scintigraphy ( 99m Tc-pertechnetate). Exclusion criteria were relapse of Graves' hyperthyroidism, no written informed consent, no understanding of the Dutch language, and serious alcohol or i.v. drugs abuse. Clinical parameters at baseline like sex, age, goiter size (classification by means of WHO 1960 criteria) (13) , hyperthyroid symptom scale score (HSS score), and the existence of pretibial myxedema and Graves' orbitopathy were recorded. Venous blood samples were taken for thyroid hormone measurements before treatment was started. The HSS score questionnaire (14) quantitatively measures clinical severity of hyperthyroidism through ten items on 0-4 point subscales, including sweating, heat intolerance, nervousness, hyperactivity, tremor, weakness, hyperdynamic precordium, diarrhea, appetite, and degree of incapacitation. Participants were asked to complete two stress and one mood questionnaires at time of diagnosis before treatment was started.
The study was approved by the local ethics committees of the Academic Medical Center of Amsterdam and the eight other participating centers. All patients gave written informed consent.
Stressful life event questionnaires
The Dutch questionnaire on recently experienced stressful life events (11) count the total number of major life events experienced in the past 12 months (checklist of 60 possible events). First, the respondent scores the amount of pleasantness for each experienced life event on a scale from 0 to 4. Second, the respondent scores the amount of unpleasantness for each experienced life event in a similar manner on a scale from 0 to 4. Third, the total amount of pleasantness and the total amount of unpleasantness are separately calculated by summing up all scores for pleasantness and unpleasantness respectively (maximal score 240 for each). Fourth, the total number of pleasant events is calculated by counting the number of life events in which the score for pleasantness exceeds the score for unpleasantness. The total number of unpleasant events is calculated in a similar manner in which the score for unpleasantness exceeds the score for pleasantness (maximum 60).
The Dutch everyday problem checklist, a validated version of the daily hassles scale (15, 16) , consists of 114 items concerning daily hassles experienced in the last 2 months. It also measures the intensity of each hassle on a scale from 0 to 3, yielding the number of hassles experienced and the total intensity of these hassles (maximum 342).
The Positive and Negative Affect Schedule (PANAS) (17) measures the current mood, in terms of positive and negative affect. It consists of 22 mood states (11 positive and 11 negative) and the respondent is asked to report whether he/she is affected by each of these states on a scale from 1 (not at all) to 5 (a lot). This yields the tendency to report positive and negative affect states both on a scale from 11 to 55.
Laboratory measurements
Non-fasting venous blood samples were taken for thyroid hormone measurements and were stored at 20 8C until assay. Serum triiodothyronine (T 3 ) and thyroxine (T 4 ) were measured with in-house RIA's (18) . T 3 uptake was determined by a no extraction, solid phase 125 I RIA (Coat-A-Count, Diagnostic Products Corporation, Los Angeles, CA, USA). FreeT 4 -index and freeT 3 -index were calculated by multiplying T 3 uptake with T 4 and T 3 respectively. Serum thyrotropin (TSH) was determined with a fluoroimmunometric assay (Delfia hTSH, Perkin Elmer, Turku, Finland; detection limit 0.01 mU/l). Serum TBII was quantitatively determined by a second generation luminescence receptor assay (TRAK human LIA, BRAHMS, Berlin, Germany; detection limit 1.0 IU/l). Autoantibodies against thyroid peroxidase (TPO-Ab) were analyzed by anti-TPOn LIA (BRAHMS; cutoff levels !30 and O3000 U/l). All measurements were performed at the laboratory of the Academic Medical Center of Amsterdam.
Statistical analysis
To analyze the influence of age on the severity of Graves' hyperthyroidism, patients were subdivided into four groups; %29 years (NZ53), 30-39 years (NZ56), 40-49 years (NZ78), and R 50 years (NZ76). Regression analyses were performed between the four age groups and serum freeT 3 -index, freeT 4 -index, and HSS score. Trend analysis between different age groups, serum TBII, serum TPO-Ab, and stress scores was performed using the Jonckheere-Terpstra test. The association between different age groups, goiter size, and the prevalence of Graves' orbitopathy and pretibial myxedema was determined using c 2 tests. Correlation coefficients (r) between serum thyroid hormones (freeT 3 -index and freeT 4 -index) and HSS scores were calculated by Spearman's rank-order correlation coefficient.
To evaluate the association between stress scores and the biochemical and clinical severity of Graves' hyperthyroidism, we subdivided all stress scores into quartiles. Linear regression analysis was performed to determine the association between stress scores and serum freeT 3 -index, freeT 4 -index, and HSS scores. For the association between stress scores and serum TBII we used the Jonckheere-Terpstra test. c 2 test analysis was used for correlation analysis between stress scores and goiter size, the prevalence of pretibial myxedema and Graves' orbitopathy.
We used multivariate regression analysis to determine the effect of age and stress scores on the clinical severity of Graves' hyperthyroidism (HSS score). P!0.05 indicated statistical significance. All statistical analyses were carried out using the SPSS statistical package for Windows, version 15.0. (SPSS Inc., Chicago, IL, USA).
Results
Characteristics of the study population are shown in Table 1 . Male and female patients did not differ in age, or in biochemical and clinical severity of hyperthyroidism (data not shown). Table 2 shows the relationship between age and biochemical and clinical severity of Graves' hyperthyroidism at the time of diagnosis. Advancing age was associated with both biochemically less severe Graves' hyperthyroidism (freeT 3 -index and freeT 4 -index; P!0.01) and clinical less severe Graves' hyperthyroidism as measured by HSS scores (P for trend Z0.04). Trend analysis showed that serum TBII and to a lesser degree TPO-Ab decreased with advancing age (PZ0.05 and PZ0.07 respectively).
The HSS score was significantly associated with serum freeT 3 -index (rZ0.28, P!0.01) and to a lesser extent with freeT 4 -index (rZ0.17, P!0.01; Fig. 1 ). Goiter size decreased with advancing age (P for trend !0.01) ( Table 2 and Fig. 2 ), while no association was found between age and the prevalence of orbitopathy and pretibial myxedema. Table 3 shows the influence of stress scores on the biochemical and clinical severity of Graves' hyperthyroidism. Neither serum freeT 4 -index, freeT 3 -index nor TBII were associated with PANAS scores, frequencies and total scores for daily hassles and recently experienced stressful life events questionnaires except for the total amount of pleasantness that was directly associated with freeT 3 -index (P for trend !0.01). By contrast, higher HSS scores were related to more negative mood and less positive mood on the PANAS affect scores (P!0.01). Higher HSS scores were also associated with higher frequencies and total scores for daily hassles except for the intensity per hassle and the recently experienced stressful life event questionnaires (Table 3) .
None of the other clinical characteristics were associated with stress scores, with the exception of goiter size being positively correlated to both pleasantness and unpleasantness scores for recently experienced life events (P!0.01 and PZ0.01 respectively) (data not shown). Table 4 shows the associations between age and various stress scores. Advancing age was associated with lower PANAS negative affect scores (P for trend Z 0.02) but not with PANAS positive affect scores (PZ0.75). With regard to daily hassles, the frequencies and total scores for daily hassles decreased with advancing age (P for trend !0.01 and 0.01 respectively) while the intensity per hassle did not differ (PZ0.48). Furthermore, advancing age was associated with lower frequencies and scores for the recently experienced life events questionnaire (P!0.01; Table 4 ).
To study the relationship between clinical severity (HSS score), age, and stress we performed multivariate regression analysis. The HSS score was used as dependent variable for all moods and stress scores (PANAS, The Dutch everyday problem checklist, and The Dutch questionnaire on recently experienced stressful life events) together with age (Table 5 ). This analysis showed that the clinical severity of Graves' hyperthyroidism was not related to age nor to the Values for HSS score, serum freeT 3 -index, and freeT 4 -index are given as mean CS.D. while values for age, serum TBII, and TPO-Ab are given as median C interquartile range (range between the 25th and the 75th percentiles).
amount of stress exposure but was independently related to the tendency to report negative feelings (P!0.01).
Discussion
The first main finding of our study is that advancing age is associated with less severe Graves' hyperthyroidism (Table 2) . FreeT 3 -index and freeT 4 -index are lower in the older age groups, as reported previously in several studies (7, 9, 19) . Serum TBII also decreased with advancing age, again in agreement with the literature (7). Because TBII is directly related to freeT 3 -index and freeT 4 -index (10), the fall in serum TBII provides a satisfactory explanation of why the biochemical severity of Graves' hyperthyroidism decreases in older age. We also observed a decrease in the clinical severity of Graves' hyperthyroidism with age as evident from the fall in the HSS score. There was furthermore a shift toward smaller goiter size in elderly patients, a finding again explainable from the direct relationship between TBII and goiter size (10) . Other studies also reported a lower frequency of symptoms and signs in elderly Graves' hyperthyroidism patients (notably less heat tolerance, less perspiration, less irritability, and less often increased appetite, tachycardia and goiter), although weight loss and atrial fibrillation are more common in old age (20) (21) (22) . Clinical severity (HSS score) was directly related to the biochemical severity (freeT 3 -index and freeT 4 -index) of Graves' hyperthyroidism, but the correlation is weak (Fig. 1) . Trzepacz et al. (7) 16 (6) 15 (7) 14 ( did not observe a relationship between the HSS score and serum thyroid hormone concentrations in newly diagnosed untreated Graves' hyperthyroidism patients (23), most likely due to the low sample size (nZ25) in their study.
The second main finding of our study is that overall stress exposure is not related to the biochemical severity of Graves' hyperthyroidism, but, by contrast, is directly related to the clinical severity (HSS score) of Graves' hyperthyroidism (Table 3) . Affect scores and stress from daily hassles or unpleasant recent life events were not related to freeT 3 -index and freeT 4 -index or to TBII; only higher amounts of pleasantness were significantly related to freeT 3 -index. By contrast, all stress parameters were associated with the clinical severity of Graves' hyperthyroidism: higher negative affect or lower positive affect scores, and higher frequencies and scores for daily hassles and (un)pleasantness of recent life events were all associated with higher HSS scores. How can we explain the discrepancy that stress scores are only related to clinical severity and not to biochemical severity of Graves' hyperthyroidism? When a person contracts a disease, his complaints to some extent will be influenced by his current mood state. If the person scores high on negative affects or low on positive affects, he/she is more likely to have complaints or to rate a particular complaint as more severe. Indeed, our multivariate regression analysis demonstrated that the HSS score was independently related to the tendency to report negative feelings (P!0.01) and not to any of the other stress scores, nor to age ( Table 5) .
The third main finding of our study is that advancing age is associated with less exposure to stress ( Table 4) . The frequency and total amount of unpleasantness or pleasantness experienced from stressful life events in the year preceding the diagnosis of Graves' hyperthyroidism decreased in the older age groups, and the same was true for the frequency and total intensity of daily hassles of the last months. The current mood state of elderly patients was also better, because they were less influenced by negative affects. These interesting observations are in line with studies from the field of psychology on stress and aging. Older adults reported fewer undesirable daily events than do younger adults (24) . When stressors do occur, older age is related to reductions in perceiving severity and affective distress (25, 26) . If stress is not involved in lower TBII and consequently in freeT 3 -index and freeT 4 -index levels observed in old age, the question arises which other mechanisms might be responsible. Most likely it is the decline in immunological response to antigens with age, a process called immunosenescence (27) . Animal models on experimental autoimmune thyroiditis have shown that lymphocytes from old mice are less effective in transferring thyroiditis than lymphocytes from young donors (28, 29) . A recent study indicates that in the elderly the B-cell repertoire available to respond to new antigenic challenge is decreased (30) . The shift away from predominantly naïve B-cells with time obviously reflects the influence of cumulative exposure to foreign pathogens over time. It means that advancing age is associated with a lack of clonotypic immune response to antigens.
Going back to our hypothesis we can conclude that advancing age is indeed associated with less exposure to stress, lower serum TBII and less severe clinical and biochemical Graves' hyperthyroidism. Because no direct relationship existed between stress exposure and TBII or freeT 3 -index and freeT 4 -index, we reject our hypothesis that less stress is causally related to biochemically less severe Graves' hyperthyroidism in old age. We find the observed tendency to higher freeT 3 -index with higher amounts of total pleasantness insufficient evidence to support our hypothesis in view of all other findings. Because the extent to which patients express complaints are influenced by many factors including current mood state, we prefer freeT 3 -index and freeT 4 -index as objective measures for the severity of Graves' hyperthyroidism.
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